Purpose: To investigate the common aetiological agents and their antibiotic resistivity pattern in burn wound infections in this geographical area. Methods: Swabs from the burn wounds were collected on random basis using sterile cotton swabs from the patients admitted to Burn ward of Government Hospital, Gulbarga, Karnataka (South India) during 2012-13. Antimicrobial susceptibility testing was done by Kirby-Bauer disc diffusion method according to M02-A11 and M100 -S22 Clinical Laboratory Standards Institute (CLSI) January 2012 guidelines and procedures on Mueller-Hinton agar. Results: A total 91 swabs from burns wound infection were collected from the patients of Burn Ward, out of which 83 were positive. Pseudomonas sps (33.73%) and S. aureus (27.71%) accounted for 61.44% of the positive cases as single aetiological agents. Klebsiella sps and E. coli accounted for 22.88% of the cases. The remaining 15.65% of cases had mixed aetiological agents. The results revealed the dominance of Gram negative organisms. It is significant to note that 64.52% and 24.19% of Gram negative bacterial isolates (62) were ESBL and MBL producers respectively indicating the base for the emergence of drug resistance. S. aureus was isolated from 23 positive cases as a single aetiological agent (27.71%) while it accounted for 11 (13.24%) cases with other co-pathogens. In the present study 67.65% (23 out of 34) Staphylococcus aureus isolates were Methicillin-resistant. Conclusions: The present study has revealed the emergence of MDR strains of Gram negative bacilli especially Pseudomonas sps and S. aureus as the predominant aetiological agents in burn wound infections in the hospital environment.
INTRODUCTION
The burn wound represents the susceptible site for nosocomial and opportunistic pathogenic infections and is the leading cause of morbidity and mortality. [1] [2] [3] [4] Among the pathogens, β-hemolytic streptococci (Group A), Pseudomonas aeruginosa and Staphylococcus aureus are the leading pathogens in burn wound infection. [1, [3] [4] [5] Emergences of antibiotic resistance among them have changed the prospective of chemotherapy and prognosis. Methicillin-resistant S. aureus (MRSA), [4, [6] [7] [8] extended spectrum β-lactamase (ESBL) and metallo-β-lactamases (MBL) producing Gram-negative bacteria [9] [10] [11] [12] [13] are emerging as major pathogens in burn wound infections. In view of the nosocomial mode of infection and emergence of multiple antibiotic resistance organisms, there is a need for periodic evaluation of their prevalence and antibiogram in patients of burn wards. Hence, the present work has been undertaken.
MATERIALS AND METHODS

Bacterial isolates
In all 91 swabs from the burn wounds were collected on a random basis from the patients admitted to burn ward of Government Hospital, Gulbarga, Karnataka (South India) during 2012-2013. The samples were collected from the patients admitted to burn ward during the 3 rd to 5 th day. And the patients were on the antibiotic treatment as per the directions of the physician. The swab samples in transport medium (brain-heart infusion broth) were taken to the laboratory within 2 h of collection under aseptic conditions. The swabs were further inoculated on Nutrient Agar, Mannitol Salt Agar, Cetrimide Agar, Mac Conkey Agar and Blood Agar and were incubated aerobically at 37°C for 24 h. The bacterial isolates were identified by conventional diagnostic procedures (cultural, morphological, and biochemical characters). [14] Antimicrobial susceptibility testing
The isolates were subjected for Antimicrobial susceptibility testing by Kirby-Bauer disc diffusion method according to M02-A11 and M100-S22 Clinical Laboratory Standards Institute January 2012 guidelines and procedures on Mueller-Hinton agar. [15, 16] The antimicrobial agents tested included penicillin-G (10 units), ampicillin (10 μg), amikacin (30 μg), clindamycin (2 μg), erythromycin (15 μg), tetracycline (30 μg), ceftazidime (30 μg), ceftriaxone (30 μg), cefepime (30 μg), methicillin (5 μg), oxacillin (1 μg), cefoxitin (30 μg), vancomycin (30 μg), linezolid (30 μg), co-trimoxazole (trimethoprim/ sulphamethoxazole-1.25/23.75 μg), ciprofloxacin (5 μg), levofloxacin (5 μg), nalidixic acid (30 μg), carbenicillin (100 μg), piperacillin + tazobactam (100/10 μg μg), cefoperazone + sulbactam (50/50 μg μg), cefotaxime (30 μg), cefotaxime + clavulanic acid (30/10 μg), imipenem (10 μg), imipenem + ethylenediaminetetraacetic acid (EDTA) (10/750 μg).
Methicillin-resistant Staphylococcus aureus, extended spectrum β-lactamase and metallo-βlactamases confirmation test
The MRSA isolates were further confirmed by oxacillincefoxitin disc diffusion method and the ESBL and MBL among the Gram-negative isolates were detected by using ESBL Detection Kit-SD238 (cefotaxime, cefotaxime + clavulanic acid) and MBL Detection Kit-SD282 (Imipenem + EDTA) obtained from Hi-Media Laboratories Pvt., Ltd, Mumbai (India) as per standard guidelines. [15, 16] 
RESULTS
Age wise distribution of the samples
Out of 91 cases, maximum numbers of cases were in the age group of 21-40 and less number of cases in extreme age groups. Similarly, a maximum number of cases amongst male and female were in the same age groups. Number of female cases was recorded among children as well as in an old group. The details are given in Table 1 .
Prevalence of bacterial isolates
Of 91 cases, 83 (86.46%) were positive for bacterial culture and sensitivity testing. Of the 83 positive cases, 70 (84.34%) had single etiology and 13 (15.66%) had mixed etiology. The results are given in Table 2 . 
Antibiotic resistance pattern
The antibiotic resistance patterns of isolate pathogens are given in Table 3 . It is evident that all the Gram-negative isolates are highly resistant to β-lactam antibiotics (penicillins and cephalosporins). However, a good number of Gram-negative isolates were sensitive to combinational drugs. It is interesting to note that S. aureus also exhibited resistant to penicillin-G, ampicillin and cephalosporins while being sensitive to imipenem, vancomycin, linezolid, and clindamycin and were moderately sensitive to erythromycin. In the present study, 67.65% (23) S. aureus isolates were methicillin-resistant which were further confirmed by oxacillin-cefoxitin confirmation test [ Figure 1 ].
Extended spectrum β-lactamase and metallo-βlactamases producing isolates
The 62 isolates of Gram-negative bacilli, when tested for ESBL and MBL production, gave interesting results [ 
[8]
Singh et al. 2003 [13] Agnihotri et al.
[6]
Mehta et al. 2007 [18] Rajput et al. 2008 [19] Ganesamoni et al. 2010 [17] Bandekar et al.
2011 [11] Present study producers when composed to Pseudomonas spp. (55.56%). It is alarming to note that is 40% of isolates of E. coli were MBL producers [ Table 4 and Figure 1 ].
DISCUSSION
This study was confined to bacterial etiology and its antibiogram of burn wound samples. Thus, the samples were collected from the patients admitted to burn ward during the 3 rd to 5 th day. The patients were on the antibiotic treatment as per the directions of the physician and the antibiotics were stopped after the week of admission. In present study has revealed the importance and emergence of multidrug-resistance (MDR) ESBL/MBL producing pathogens in case of burn wound infections. This situation calls for rigorous and correct treatment and management of burn cases. The studies revealed a higher number of cases among the age group 21-40 (57 out of 91 cases).
Earlier reports also substantiate the present findings. [17] A number of reports from foreign groups indicated the predominance of S. aureus in burn wound infection. [4, 7] On other hand, the reports from Indian subcontinent indicate the predominant of Gram-negative bacilli, especially Pseudomonas spp., E. coli and Klebsiella spp. [ Table 5 ]. However, it is to be noted that even in the present study, the presence of S. aureus was quite significant and next only to Pseudomonas spp. The difference in the major etiology of burn wounds could be attributed to the socioeconomical status of the individuals, society and hospital environment.
The antibiogram studies indicate the emergence of multiple drug resistance strains. The organisms have exhibited resistance to the commonly used antibiotics as well as new generation antibiotics (cephalosporins). This may be due to the overuse of the said drugs in other infections leading to the development of multiple drug resistance pathogens. [3] The presence of MDR strains in the nosocomial environment and immunocompromised as well as physiologically compromised burn cases may facilitate the infection in burn patients and the failure of antibiotic therapy and a higher rate of mortality and morbidity.
It is significant to note that 64.52% and 24.19% of (62) Gram-negative bacterial isolates were ESBL and MBL producers respectively, indicating the base for the emergence of drug resistance. Singh et al. 2003 have also recorded similar trend among the isolates. [13] However Bandekar et al. recorded only 39.8% of isolates having ESBL producing ability. [11] In the present study 55.56% of isolates of Pseudomonas spp. were ESBL producers which is comparable to the observations of Altoparlak et al. [10] and is in contrast to the observations of Singh et al. 2003 and Bandekar et al. 2011 , who reported the prevalence rate 20-22% of ESBL producing P. aeruginosa. [11, 13] Similarly the observations on Klebsiella spp. are comparable to that of Singh et al. 2003 and are in contrast with the observations of Bandekar et al. who reported only 7.2% of the same. [11, 13] Altoparlak et al. 2005 recorded that MBL producing Gramnegative bacteria accounted for 56.8% while Bandekar et al. 2011 recorded a low percent (4.8%). [9, 11] The present work recorded a moderate number of the same (24.19%; 15 out of 62).
CONCLUSION
The present study has revealed the emergence of MDR strains of Gram-negative bacilli, especially Pseudomonas spp. and S. aureus as the predominant etiological agents in burn wound infections in the hospital environment. The observations on the antibiogram and resistance pattern calls for the review of antibiotic policy and usage of combinational drugs in the management of burn wound infections. The observations on the emergence of ESBL and MBL strains are also significant and point toward the basis for antibiotic resistance pattern. The results have been compared with the available reports.
